Twenty-four lactating Holstein cows were used to obtain milk flow rates at 60-second intervals for an adjustment of 7 days and an experimental period for 21 days. Treatments consisted of (a) controls which were milked by recommended milking practices; (b) a 5 min delay between milk letdown and application of teatcups; (c) removal of the teatcups 4 minutes after application; and (d) intramuscular injection of 20 USPU of oxytocin prior to teatcup application.
Introduction
With the advent of larger herds, group housing, and assembly line milking operations, the necessity for a milking routine that can be standardized and result in greater milk flow rates is of paramount importance. Two main types of instruments have been used to determine how various routines affect milk flow rates. The simpler device (7, 9, 19 ) is a milkflag machine suspended from a spring balance to measure milk flow rates at various intervals. A second type consists of four cylindrical containers with a tube connecting the cylinders to individual teatcups (11, 15) .
Conflicting results have been reported by Received for publication June 1, 1972. workers who have attempted to establish a uniform milking period. When cows were milked for only 60% of the time required for complete milking, a significant decrease in milk yield resulted (3) . In contrast, other workers found no significant effect on milk yield wheu the milking time was restricted (5, 22) . Some workers (4, 13, 14) reported a delay of 2 to 20 min between stimulation of the udder and application of the milking machine did not result in a significant reduction in milk yield. Others (23, 24) found a significant reduction when milking was delayed for 12 rain. Fast milking cows were more affected by delayed milker application than slow milking cows (17) . A significant increase in the amount of residual milk in cows subjected to a delay of 6, 8, or 10 min between udder stimulation and application of the milking machine was reported (6) .
Injection of 10 IU of oxytocin into the jugular vein of cows reduced daily variations in milk and fat production (1) . Injection of 20 IU of oxytocin intravenously immediately before milking had no effect on flow rates of slow milking cows but caused an increase in average to rapid milking cows (12) .
This study was to evaluate the relationship between milk flow rates and milk yields, to determine effects of different milking techniques on milk flow rates, milk yields, and residual milk yields; and to evaluate results of eliminating individual cow characteristics such as milking time and maximum flow on the effectiveness of rapid and complete milk removal from the udder.
Experimental Procedure
Twenty-four Holstein cows in varying stages of lactation were experimental animals. A specially constructed quarter milker with graduated plastic tubes similar to that of Matthews et al. (15) was used. Measurements were recorded during 60 sec intervals to estimate milk flow rates during the milking operation. The quarter milker operated at 38.1 em of vacuum, a 1:1 vacuum-release ratio, and 50 pulsations per minute.
An adjustment period of 14 consecutive milkings was followed by an experimental pc-riod of 42 consecutive milkings. Flow rates were recorded during the last four milkings of the adjustment period and for four consecutive milkings weekly during the experimental period. After the final milking of the adjustment and experimental periods, residual milk was removed after an IV iniection of 20 USPU of oxytocin. The 24 cows were divided into three replicates of eight cows each.
Flow rates during the adjustment period of each replicate were used to place four cows in a high milk flow rate group and four cows in a low milk flow rate group. One cow from each group was randomly assigned to one of the four treatments.
Treatments were: Control. The lower udder and teats were washed with a warm, wet paper towel for approximately 30 s. The udder was then dried with a paper towel, and massage of the udder was continued until milk letdown occurred. After milk letdown teatcups were applied and then removed after 6 rain milking.
Delayed milking. The cows were prepared in the same manner as the controls, but milker application was delayed for 5 rain after milk letdown. The milking machine was removed after 6 min milking.
Reduced milking time. Cows were prepared in the same manner as the controls, and teatcups applied. After a milking period of 4 min, the teatcups were removed.
Hormone injection prior to milking. Cows were prepared in the same manner as controls except 10 USPU of oxytocin were injected IM iust prior to teatcup application. The teatcups were removed after 6 min milking.
A randomized complete block design with a 2 X 2 X 4 factorial experiment (AM-PM milkings X outcome groups X quarters) and three replicates was used as a model for the statistical analysis of data. The Duncan's new multiple range test was used to determine significance between means of treatments.
Results
A delay of 5 rain after milk letdown in milker application and the injection of oxytocin resuited in a .09 kg/min/quarter reduction (P < .05) in milk flow rates (Table 1) for all quarters. Individual quarters showed considerable variation with the rear quarters having the greater maximum flow. The right fore quarter of treatment two had the lowest yield (.91 kg/min/quarter). The time at which maximum flow rates occurred during 60 sec is in Table 1 . Less time (1.82 min) was required to reach maximum flow when the milker was removed after 4 min (P < .05). There was considerable variation in time to reach maximum flow between individual quarters with the fore quarters usually reaching maximum flow sooner. Both a 5 min delay after milk letdown (Treatment 2) and removing the milkers after 4 rain milking (Treatment 3) resulted in less milk yield (P < .05) per milking as compared to Treatment 1 ( Table 2) . Considerable variation existed between the yields of individual quarters with the rear quarters producing more milk than the fore quarters.
A correlation of --.42 (P < .05) was in Treatment 1 for all quarters when maximum milk flow rates during 60 see were compared to the time that maximum flow occurred (Table 3 ). When individual quarters were considered, a positive correlation (P < .05) was in only the left fore quarter in Treatment 4.
Simple correlation coefficients between maximum flow rates and milk yields per milking are in Table 4 . For all quarters and individual quarters except the fore quarters of Treatment 1, correlations (F < .05) were positive.
Correlations (P < .05) between time when maximum flow occurred and milk yield were positive in all quarters of all treatments (Table 5). Considerable variation did exist, however, between individual quarters within each treatment. Both fore quarters exhibited positive correlations (P < .05) for all treatments. This was not true for the rear quarters.
Residual milk yields at the conclusion of the experimental period are in Table 6 . The greatest residual milk yields were from the cows that were milked for only 4 min. Treatment 4 exhibited the lowest residual milk yield for each individual quarter. The standard errors, of the means were relatively constant and small except for the rear quarters of Treatment 3.
T~LV. 5. Sirnl~le correlation coefficients between time after application of milking machine when maximum milk flow occurred during a 60-second interval and milk yield per milking. A comparison of the residual milk yields at the end of the preliminary period and treatment period (Table 7) showed that only in Treatment 3 did the cows yield more residual milk during the post-treatment period. The groups receiving the oxytocin injection had the greatest percentage decrease of residual milk during the post-treatment period.
Discussion
Maximum flow rates in this study agree with other workers (2, 10, 20) . The reduced maximum flow for all quarters in Treatment 2 may have been due to the 5 min delay in application of milking machines after milk letdown. A portion of the milk could have been retained in the alveoli and fine ducts and required a second letdown for a more complete ejection of milk. The reduced rate of flow in Treatment 4 could be due to the experimental procedure since these cows anticipated the oxytocin injections and became apprehensive. Rear quarters had greater maximum flows than the fore quarters which is attributed to higher intramammary pressures in rear quarters as reported by Graf and Lawson (8) .
Fore quarters reached maximum flow before the rear quarters which was more evident in Treatment 2 (Table 1 ). This agrees with Matthews et al. (15) . Since the fore quarters usually contain approximately 40% of the total milk removal of milk from the fore quarters possibly resulted in a more rapid decline in intramammary pressure; thus, maximum fl3w was reached in a shorter time. Cows may have reached maximum flow sooner in Treatment 3 by becoming accustomed to the decreased milking time as the experiment progressed. The increase in time to reach maximum flow in Treatment 4 agreed with Hupp et al. (12) . This was possibly caused by the release of epinephrine since the cows were excited by the injection procedure.
Rear quarters had higher milk yields than the fore quarters which was expected because of a greater volume and more secretory potential (Table 2) . A 5 rain delay before milking resulted in a significant reduction in milk yields. These results are not in complete agreement with those of Knodt et al. (13, 14) and Ward and Smith (23, 24) , who compared a similar delay. These workers reported declines in milk production which, however, were not significant. It was possible that a second letdown of milk resulted during the milking process which could account for the longer time to reach maximum flow. Cows subjected to a 4 rain milking routine produced significantly less milk than the controls (Treatment 1). However, Dodd et al. (5) reported no significant effects on milk production which could be due to lower producing cows in their study. Milk removal was not complete when the milking machines were removed after 4 rain which may have affected milk synthesis as the trial progressed. From this study, exogenous oxytocin is not required for routine milking practices.
In essentially all quarters for each treatment, with the exception of the left fore quarter in Treatment 4, there were no positive correlations between maximum flow rates and times when maximum flow oecurred. Why this should occur is not evident although individual quarter variations may be greater than the effect of treatments, A number of workers have reported high positive correlations between maximum flow and milk yield (~10, 16, 18, 21) which agrees with our results. From Table 5 , as yields decreased, the time to reaeh maximum flow also decreased. This is contrary to what one would logically expect. Possibly cows with lower yields reached maximum flow sooner because a greater amount of milk was removed early in the milking period.
Residual milk yields were lower at the end of the experimental period in Treatments 1, 2, and 4 than those at the end of the preliminary period. This is attributed to the cows becoming acclimated to the milking regime. Although total daffy yields were reduced in Treatment 2, most of the milk was removed since residual milk yields of Treatments 1 and 2 were similar. Elliott (6) reported an increase in residual milk yields with a delay of 6 min in the application of the milking machine after milk letdown. His experiment was over 14 days during which the cows may not have become accustomed to the milking routine. A 4 min milking period in Treatment 3 resulted in greater residual milk yields since milk removal was not complete. The lowest residual yields were recorded in Treatment 4. This was to be expected since the oxytocin injection prior to milking should result in a more complete evacuation of the alveoli.
